The low-energy fusion cross-section (LEFCS) apparatus installed at the Los Alamos Van de Graaff facility has been used to measure the cross sections for the important fusion-energy reaction D(t,t)n over the triton bombarding energy range of 12.5 to 117 keV. This corresponds to an equivalent deuteron bombarding energy range of 8.3 to 78.1 keV and to a D+T plasma temperature (kT) range of 0.7 to 18.8 keV. Over most of the energy range the cross sections are accurate to 1.4%, with the error rising to 4.8% at the lowest energy. A data base was constructed for deuteron bombarding energies up to about 250 keV that included our data and four other data sets.1-4 This data base can be fitted quite well with a single-level (3/2+) resonance formula in the R-matrix formalism. Work is currently in progress on the D(d,p)T and D(d, He)n reactions, with studies of D(t,Y) and T(t,t)nn planned for the future.
Introduction
At the Los Alamos Van de Graaff Facility,5 we have developed and installed an apparatus 6-8 (LEFCS) for the study of nuclear reactions9 that are fundamental to the implementation of energy production through controlled thermonuclear processes. The bombarding energies for these studies are in the range 10 to 120 keV, and considerable effort has been expended to reduce systematic errors to an overall level of a few percent. Initially we are investigating reactions among the hydrogen isotopes: (1) we have completed measurements on the D(t,m)n reactions; (2) we are currently working on the D(d,p)T and D(d, He)n reactions, and; (3) we plan to study D(t,Y) and T(t,a)nn in the immediate future.
The experiments are performed by accelerating negatively charged H, D, or T ions through a windowless, cryogenically pumped, gas target and into a beam calorimeter. The target density is measured and the calorimeter calibration is checked by using particle beams of several MeV energy from the Los Alamos Tandem Van This energy has been checked to somewhat less accuracy by a time-of-flight method using a pulsed laser to produce a burst of neutral atoms by photodetachment of the negative ions. Figure 1 shows a schematic diagram of the LEFCS system.
Apparatus Ion Source and Accelerator
A 120-kV, dual-polarity ion source and accelerating system were built to specifications by the General Ionex Corporation.
The ion source is a standard duoplasmatron with a 30-kV extraction lens and a crossed-field analyzer. In order to eliminate the production of unwanted molecular species, such as HD+ when atempting to produce a pure T+ beam, we have normally operated the source in its negative-ion, direct-extraction configuration, thereby producing 40-to 50-PA beams of 11 The heating-transistor power is measured accurately and regulated by an electronic circuit. When the beam is on, the power to the heating transistor is automatically decreased just enough to again bring the cup to ambient temperature. Thus, the decrease in power to the heating transistor is a measure of the beam power. The calorimeter electronics integrates this beam power over the run duration to yield the total energy furnished by the beam, independent of the beam's clharge state. Knowledge of the beam energy per particle as it enters the calorimeter then alloxws us to calculate the beam flux. The calorimeter was calibrated by using the known heat output of a precision resistor embedded in the cup. This calibration was checked by using a 3-MeV-proton beam from the Ilan de Graaff and comparing the calorimetrically determined beam flux with that determined simultaneously by charge collection. The calibration is accurate to 0.08% over a power range of 10 to 800 mW.
Laser Time-of-Flight System The D(t,(x.)n Experiment Procedure After the cryogenics, electronics, and D2 target gas flow had stabilized and the triton beam had been properly focussed through the target, the beam was intercepted just after passing through the bending magnet (Fig. 1) , and the beam-off power level of the calorimeter was measured. The beam was then allowed to pass through the target, and a data run of 10-to 90-min duration was carried out, depending on the counting rate. At the end of the run, the beam-off power level of the calorimeter was again determined. Every 24 hours the 4-K pumping surfaces would be warmed, the accumulated D? pumped away, and the liquidHe dewar refilled. Data were obtained at 16 triton bombarding energies from 12.5 to 117 keV, and at least two data runs were made, not always contiguously, at each energy. At the lowest energy, ten runs were made resulting in an accumulated beam flux of 60 particle- Fig. 6 The S function vs deuteron bombarding energy for the D(t,a)n reaction. Shown are the present data and those of Refs. 3 
Discussion
In Fig. 4 (Fig. 5) and Arnold2 (Fig. 7) , although some systematic differences can be noted. 
